Variant sciatic nerve anatomy in the thigh occurs in about 4% of cadaveric specimens. Its significance is relevant in both clinical and surgical settings. This case describes a rare asymptomatic split with reunification of the sciatic nerve in the thigh utilizing sonography. A 27-year old male presented as a participant in a sonography research study (in preparation for publication). He was a healthy control subject without low back pain or radicular symptoms. A bilateral sonographic examination was performed to assess the sciatic nerve in the long (sagittal) and short (axial) planes. Incidentally demonstrated was a split of the sciatic nerve occurring approximately 8 cm distal to the ischial tuberosity. The finding was symmetric and bilateral. The split was maintained for 12 cm with a perpendicular epineural bridge connecting the two branches, reuniting proximal to the sciatic nerve bifurcation. Sciatic nerve variants are often described at the level of the piriformis. In contrast, there are few studies that describe variant anatomy of the sciatic nerve in the mid-thigh. Sonography provides a safe, easy, and available resource for depicting anatomic morphology of the sciatic nerve.
Introduction
The sciatic nerve is the thickest nerve in the human body, consisting of the tibial and common peroneal components [1] . It originates from the lumbosacral plexus and traverses through the greater sciatic foramen, passing under the piriformis muscle. The nerve continues over the quadratus femoris muscle between the greater trochanter and ischial tuberosity, then into the thigh. It continues its course within the fascial plane between the biceps femoris, semitendinosus, and adductor magnus muscles. The tibial and common peroneal components of the sciatic nerve typically bifurcate at the apex of the popliteal fossa [1] . The sciatic nerve innervates the biceps femoris, semitendinosus, semimembranosus [1] , and the ischial component of the adductor magnus [2] .
Pathway variations of the tibial and peroneal components were first described by Beaton and Anson in 1937 [3] . This classification of variants focused around the piriformis muscle and the subgluteal space [3] . Other common sciatic nerve variants of the bifurcation have also been described [4] . Mid-thigh variants of the sciatic nerve are uncommon, occurring in only 4% of cadavers [5] . Our case demonstrates the heretofore sciatic nerve split with reunification, which has not been previously described. Sciatic nerve variants, including the mid-thigh variant, are important to identify before surgery or therapeutic/diagnostic injections in order to avoid iatrogenic injury [6] . Sonography is a safe, quick, and cost-effective way to assess for sciatic variants before surgery or guidance for injections.
Sonography of the peripheral nerves is well demonstrated in the literature [7] [8] [9] [10] [11] [12] . The normal sonographic appearance of the sciatic nerve displays hypoechoic fascicles separated by a hyperechoic epineurium, an appearance likened to a "cluster of grapes" [11, 12] . The upper limits of the sciatic nerve crosssectional area (CSA) have been established at the gluteal crease and mid-thigh with values of 0.59 cm 2 and 0.50 cm 2 , respectively [11] . Elastography is another modality utilized to assess peripheral nerves, such as the sciatic. Shear wave elastography (SWE) quantifies mechanical and elastic tissue properties [13] . Elastographic measures have been shown to increase as strain results from reduced diffusion across the cell membrane [14] . For example, Arslan et al. demonstrated an increase in median nerve stiffness in patients with carpal tunnel syndrome using sonoelastography [15] . Another study demonstrated that tibial nerves in diabetics have higher stiffness values compared to controls [16] .
In this case report, we describe an incidentally detected, extremely rare bilateral sciatic nerve split with reunification in the mid-thigh utilizing sonography with elastography in an asymptomatic subject. To our knowledge, this is an original report.
Case Presentation
A 27-year-old male presented as a participant for a sonography research study evaluating the sciatic nerve and hamstring muscles. The volunteer had no history of low back pain or radicular symptoms. A bilateral sonographic examination of the sciatic nerve was performed. A Logiq E9 (General Electric Healthcare, Wauwatosa, WI) US system operating at a 9-MHz high-frequency linear array transducer and coupling agent was employed.
B-mode, Doppler, CSA, and elastography sonographic parameters, defined by the aforementioned study (in preparation for publication), of the sciatic nerve were measured at four sites along the posterior thigh from the ischial tuberosity to the popliteal apex. First, the sciatic nerve was imaged at a site (site 1) adjacent to the ischial tuberosity ( Fig. 1 ) and then a short axis linear slide to site 4 just proximal to the bifurcation of the tibial and common peroneal nerves ( Fig. 4 ). Waterproof marker was used to identify both locations on the skin. These marks identified sites 1 and 4. A measurement was made between the two marked points which established two other central locations on the thigh (sites 2 and 3). At each of the four sites, the sonographic probe was applied in the axial (short axis) (Figs. 1, 2, 3, and 4) and sagittal (long axis) planes (not pictured).
Sciatic nerve CSA was evaluated at each site; these measures were within normal limits, which ranged from 0.36 cm 2 proximal to the bifurcation to 0.60 cm 2 at the ischial tuberosity. At site 2, approximately mid-thigh (8 cm distal from the ischial tuberosity), the sciatic nerve split into its respective tibial and peroneal components in the coronal plane (Fig. 2) . The split continued for approximately 12 cm distally ( Fig. 3) . At this point, the two components reunited just proximal to the bifurcation (Fig. 4) . The sciatic nerve then bifurcated normally at the apex of the popliteal fossa into the tibial and common peroneal nerves (not pictured).
The B-mode showed the classic appearance of the nerve. There was no Doppler flow noted at any location along the sciatic nerve. Shear wave elastography was also measured for the sciatic nerve. The participant's sciatic nerve elastographic measurements ranged from 17.57 kilopascals (kPa) adjacent to the ischial tuberosity and increased to 98.56 kPa within millimeters proximal to the bifurcation. The progressive increase in stiffness from the ischial tuberosity to the bifurcation was consistent with other participants in the study. Informed consent was obtained for the use of anonymized health care data in this publication.
Discussion and Conclusions
Anatomic variants can occur anywhere along the course of the sciatic nerve. Approximately 16.9% of cadavers and 16.2% of surgical cases have an anomaly of the sciatic nerve involving the piriformis muscle [17] . This has been considered the most Fig. 1 Sonographic images of the left (a) and right (b) sciatic nerves (arrows) adjacent to the ischial tuberosity (asterisk). H, hamstring origin; GM, gluteus maximus common area for variants of the sciatic nerve, although according to a cadaveric study in Ethiopia, 64% of anomalies occurred at the popliteal fossa [4] . According to Anbumani et al., the variation of the sciatic nerve in the mid-thigh occurred in only 4% of cadavers [5] . Our participant was an example of mid-thigh sciatic split that reunited proximal to the normal anatomical bifurcation as demonstrated on sonography. This reunification feature has not been previously described.
Imaging of the sciatic nerve has been dominated by magnetic resonance imaging (MRI). According Varenika et al., variant sciatic nerve anatomy was detected in 12-20% of pelvic/hip MRIs [18] . Bartret et al. had similar results of 19.2% [19] . Interestingly, Bartret et al. also demonstrated no statistical significance between variant sciatic nerve anatomy and piriformis syndrome, which raises the question of the relevance for variant sciatic nerve anatomy [19] . Although MRI is more commonly utilized in sciatic nerve evaluation, sonography has been emerging as technology and availability has improved.
The sciatic nerve has been extensively studied with sonography, especially in the last few years. Chen et al. studied the [11] . They found that the normal sciatic nerve had a hypoechoic fascicular appearance similar to other peripheral nerves in the body and that the CSA decreased from proximal to distal [11] . Our participant had a similar fascicular appearance in the tibial and common peroneal nerve components with an echogenic epineural bridge. This particular feature has not been reported. The CSA was consistent with reported values in Chen et al.
Sonography of the sciatic nerve has also been utilized in three-dimensional evaluation [7] , excursion during joint movements [9, 20] , and elastography during joint movements [8] . Karmakar et al. found a distinct perineural space adjacent to the sciatic nerve only noted in three-dimensional US imaging. This perineural space may play a role in sciatic nerve block injections [7] , raising the question whether anatomical variance in this space may occur with a variant of the sciatic nerve. Excursion of the sciatic nerve has also been noted under sonography with straight leg raise and ankle dorsiflexion/ plantar flexion. Coppieters et al. found the longitudinal excursion of the sciatic nerve during neural mobilization techniques ranged from 6.94 to 10.46 pixels/mm [9] . Even though neural mobilization was not performed on our participant, it does raise the question of whether his anatomical variant would change the distance of sciatic nerve excursion. This question awaits additional scientific investigation. SWE is a perpendicular sound wave that propagates along the tissue measured undergoing a shear force. This is defined as a change in shape of a tissue without volume change [13] . Increased stiffness in the peripheral nerves has been demonstrated in neuropathies [15, 16] , likely secondary to reduced diffusion and resultant edema within the nerves [14] . In our participant, the elastographic measurements in the sciatic nerve were similar to those in Ellis et al., although we did not do passive or active stretching of the hamstring muscles [21] . More research in sciatic nerve anomalies is needed to establish differences, if any, in SWE measurements and whether this would be an objective clinical finding.
On the other hand, clinical relevance for anatomical variation of the sciatic nerve has been established in the surgical and anesthetic literature. For example, Tomaszewski et al. found that the sciatic nerve deviated from its established normal course when exiting the pelvis in 15% of patients [22] . They stressed in this meta-analysis the importance of routine imaging for the sciatic nerve in order to identify anatomical variants before surgery and deep intramuscular injections to avoid iatrogenic injury [22] . Sonography would be a quick and cost-effective way to perform pre-surgical evaluation of the sciatic nerve and safely guide subgluteal nerve injections [23] , as the regional sonographic anatomy has been recently clarified [24] .
In conclusion, we present a sciatic nerve variant with multiple unique features in the mid-thigh utilizing sonography. The evaluation of the sciatic nerve with sonography is relatively more cost-effective than MRI. The clinical implications of sciatic nerve variation in the surgical and regional anesthesiology literature stress the importance of imaging guidance to avoid iatrogenic injury. It is unclear, however, if sciatic nerve variants in relation to the piriformis muscle have a clinical bearing. Clarification of the clinical significance of sciatic nerve variants in neural mobilization or other soft tissue manipulation techniques is needed. Sonography is a valuable resource in the evaluation of the sciatic nerve in normal variants and pathologic states. 
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